DISCUSSION

INTRODUCTION
The Tularosa Mountains 30' Z 60' quadrangle is in southwestern New Mexico just east of the Arizona state line ( fig. 1 ). U.S. Highway 180 provides access along the western side of the quadrangle, and New Mexico Highway 12, which enters the quadrangle in its northeastern corner, joins U.S. Highway 180 near Reserve, the seat of Catron County and the largest community in the quadrangle ( fig.  2 ). U.S. Highway 180, New Mexico Highway 12, and part of New Mexico Highway 32 are the only paved highways in the quadrangle, but most parts of the area can be reached from National Forest gravel roads and trails. Other settlements include Luna, along U.S. Highway 180, and Apache Creek, Aragon, and Old Horse Springs, along New Mexico Highway 12.
The Continental Divide ( fig. 2 ) enters the Tularosa Mountains quadrangle about midway along its northern border and continues irregularly southward to within about 6 km of the southern border, where it turns eastward and leaves the quadrangle a little south of center of the eastern border ( fig. 2 ). Streams in most of the east half of the quadrangle, north of the Continental Divide, drain into the closed San Agustin basin. West of the Continental Divide, streams drain mainly westward to the San Francisco River, a major tributary of the Gila River, and south of the Conti nental Divide streams drain into the Middle and East Forks of the Gila River.
The Tularosa 30' Z 60' quadrangle is covered by thirty-two 7a-minute topographic quadrangles, and all but three of the quadrangles have been geologically mapped at a scale of 1:24,000 by the U.S. Geological Survey ( fig. 2) . In addition, a number of older, mainly reconnaissance, geologic maps from other sources have been used in this compilation and these are shown in figure 3.
The Tularosa Mountains quadrangle is bordered on the north by the Quemado 30' Z 60' quadrangle, which was mapped by Chamberlin and others (1994) , and on the south by the Mogollon Mountains 30' Z 60' quadrangle, which is covered by geologic maps at various scales, but mainly by a reconnaissance geologic map of the Gila Wilderness (Ratté and Gaskill, 1975) .
STRATIGRAPHY AND CORRELATION
OF MAP UNITS With the exception of a small, isolated fault block of Permian strata on the northern edge of the Plains of San Agustin, the rocks in the Tularosa Mountains quadrangle are entirely Eocene to Quaternary volcanic rocks, with interlay ered volcaniclastic sedimentary rocks, and Quaternary surfi cial deposits. The Tertiary volcanic rocks comprise the Datil and Mogollon Groups (Cather and others, 1994) , and the vol caniclastic sedimentary rocks are separated into the Spears Group, and the Gila and equivalent Santa Fe Groups. The Gila Group has a number of intercalated basaltic lava flows and andesitic to rhyolitic eruptive centers.
Datil Datil Group volcanic rocks in the Tularosa Moun tains quadrangle are represented by multiple, thin ignim brite outflow sheets and a much greater volume of andesitic lava flows. The ignimbrites occur mainly in scat tered outcrops around the margins of the Plains of San Agustin in the northeastern part of the quadrangle, where they commonly are separated by a few meters of volcani clastic sedimentary rocks. Individual tuff units range from about 0 to 30 m thick. In the western part of the quadran gle, the ignimbrites are thinner (0-2 m thick), are largely uncorrelated, and consist chiefly of discontinuous layers in the upper Pueblo Creek Formation, above the andesite of Dry Leggett Canyon.
Andesitic lava flows of Dry Leggett Canyon (unit Tla) are the only non-ignimbrite units in the Datil Group in the quadrangle. They have an aggregate thickness of as much as 300 m and cover large areas of the western part of the quadrangle, north and west of the San Francisco Moun tains fault zone ( fig. 4) .
The dacitic to rhyolitic Datil Group ignimbrites rep resent the thin, distal, outflow sheets of regional ash-flow tuffs, although only two of the eight ignimbrites that have been mapped in this quadrangle have known sources. The 32-Ma Hells Mesa Tuff (unit Thmt) is from the Socorro caldera, east of the Tularosa Mountains quadrangle (Osburn and Chapin, 1983) , and the 34.9-Ma Kneeling Nun Tuff (unit Tkt) is from the Emory caldera in the Black Range, to the south (Elston and others, 1975) . The 31.6-Ma Caballo Blanco Tuff (unit Tcbt) probably was erupted from an unidentified source cauldron near the southern end of the Black Range, west of Truth or Conse quences ( fig. 1 ). The source(s) for the other Datil Group ignimbrites are most likely buried beneath the Plains of San Agustin. A proposed genetic relationship between the Horse Springs dacite (unit Thsd) and the Blue Canyon Tuff (Tbct) (Ratté, Modreski, and others, 1994, p. 198 ) is possible evidence for a buried Blue Canyon Tuff caldera beneath the plains. This is an alternative to the proposed Crosby Mountains caldera, or volcano-tectonic depression, of Bornhorst (1976) and Elston (1984 Elston ( , 1989 . The evidence aganist a Crosby Mountains caldera was summarized by Chamberlin (1994, p. 16-18) .
Mogollon The Mogollon Group volcanic rocks comprise all of the ignimbrites and associated lava flows that are younger than Caballo Blanco Tuff but older than the volcaniclastic Gila Group and its interlayered rhyolitic to basaltic rocks (Cather and others, 1994 ( Ratté, 1989) .
In the southwestern part of the Tularosa Mountains quadrangle, the volcaniclastic rocks of the Spears Group grade into mudflows and lahars that contain an increasingly greater component of lava flows, eventually attaining the characteristics of vent facies volcanic rocks rather than volcaniclastic sedimentary rocks. Thus, the Spears Group nomenclature of Cather and others (1994) is probably best restricted to the northwestern part of the Mogollon-Datil vol canic field, where fluvial processes clearly predominate over volcanic processes in the origin of the volcaniclastic rocks.
Gila and Santa Fe Groups (Miocene to Pleistocene)
The Gila and Santa Fe Groups are equivalent names for the volcaniclastic sedimentary rocks and interlayered volcanic rocks that were deposited during the culminating and waning stages of regional extension (basin and range tectonism) in the Mogollon-Datil region. These rocks are included in the Gila Group if they occur west and south of the Continental Divide and in the Santa Fe Group if they occur east and north of the divide.
Volcanic rocks that are interlayered with the volcani clastic rocks are commonly associated with specific volca noes or volcanic centers. They range from andesites and rhyolites of middle Miocene age, to predominantly basaltic, small-volume lava flows and cinder cones of Miocene to Pleistocene age.
STRUCTURE
The pattern of dominant northeast-trending and subor dinate northwest, east-west, and northerly trending normal faults ( fig. 4) represents the prevalence of regional exten sional forces in the Tularosa Mountains quadrangle during Neogene time. Although horizontal to moderately plunging slickensides are present on some faults in the San Francisco Mountains fault zone, they are rare and weak, and they prob ably represent only minor strike-slip and oblique movement on these predominantly dip-slip, normal faults. Consistent with this extensional structural setting are the several volca nic centers along or adjacent to the major fault systems.
The fault patterns in this quadrangle further define a number of complex, en echelon grabens and half-grabens, including the Reserve, Luna, Sand Flats, and San Augustin grabens ( fig. 4) . The Reserve half-graben (Crews, 1990 (Crews, , 1994 , which typifies the development of extensional struc tures in this area, is filled with Gila Group basin-fill of Miocene to Pleistocene(?) age. The San Agustin graben, on the other hand, is still an aggrading, closed basin, with fill of Pliocene(?) and Pleistocene age (Markgraf and others, 1984) , but there is no evidence of current subsidence of the graben.
The buried northern margin of the 28-Ma Bursum caldera of the Mogollon Mountains caldera complex is interpreted to be near the central southern border of the quadrangle, where it is identified by the juxtaposition of phenocryst-poor, post-caldera rhyolite lava flows inside the caldera and presumed pre-caldera, older, phenocryst-rich, coarsely porphyritic rhyolite flows on Elk Mountain (28 Ma, Taylor Creek-type) in the caldera wall. Confirmation of the relative ages of the two rhyolites is pending the results of 40 Ar/ 39 Ar dating. The "New Mexico Geologic Highway Map" (New Mexico Geological Society, 1982) also shows the northern margin of the Bursum caldera in this area, but older rhyolite is shown inside the caldera and younger rhyolite in the wall, and thus the geologic units are incompatible with the interpretation presented here. Smith and Rhodes (1974) proposed a buried caul dron at the southwest end of the San Agustin graben, which they called the Squirrel Springs volcano-tectonic depression, and attributed its collapse to eruption of their Tularosa Canyon Tuff. They cited a shallow structural basin in which the Bearwallow Mountain Andesite presum ably ponded and an arcuate pattern of ring faults as the evi dence for this buried cauldron. Because the 25-to 26-Ma Bearwallow Mountain is much younger than the 31-Ma Tularosa Canyon Tuff, and the arcuate faults cut only younger rocks, they proposed that the original ring faults were rejuvenated both before and after the Bearwallow ponded in the rejuvenated collapse.
Although the John Kerr Peak and Squirrel Springs Canyon 7a-minute quadrangles are two of the three that were not remapped in this study (figs. 2 and 3), reconnaissance for this compilation failed to provide evidence to support the presence of a structural basin beneath Bearwallow Mountain Andesite in this area, or a buried caldera. The supposed thick ening of the Bearwallow due to ponding in a structural basin by rejuvenation of ring fractures is probably better explained by constructional accumulation of flows around vents and variable erosion of this and other Bearwallow accumulations. The proposed arcuate ring faults are based on faults that can be shown only to have had post-Bearwallow movement, and the arcuate traces are themselves largely buried beneath allu vium and thus may be artifacts of geological speculation. Furthermore, new 40 Ar/ 39 Ar ages of 31.7 Ma for the Tularosa Canyon Tuff (Smith and Rhodes, 1974 ) (which should be abandoned) shows that it correlates as a thin, distal outflow of the Caballo Blanco Tuff, which has a center of distribution and probable source far to the south or southeast in the Mog ollon Mountains, Pinos Altos Range, or Black Range, near Silver City ( McIntosh and others, 1992, p. 864).
MINERAL DEPOSITS
There are no known viable mineral resources in the quadrangle, except sand and gravel, but there has been extensive exploration for oil and gas in Paleozoic sedimen tary rocks beneath the volcanic cover rocks. The SWEPI No. 1 oil test well is located in sec. 2, T. 4 S., R. 13 W., in the northeastern part of the Horse Mountain West quadran gle, west of Horse Mountain.
The presence of silicic and altered intrusions at the surface and in the subsurface along the extensional struc tures of the Morenci Lineament indicates the possibility of hydrothermal mineral deposits in Paleozoic and other sedi mentary or volcanic rocks along this structural zone. The most highly mineralized rocks found in the quadrangle have been the jasperoid-related iron-and zinc-rich jasperoid nod ules associated with quartz monzonite inclusions at the Cerro Caballo dome, or cone, near Old Horse Springs, vol canic center 2, figure 4 (Ratté, Modreski, and others, 1994) . Bornhorst (1976) and Jones (1980) , and as "pumice breccia of Old Horse Springs" by Ratté and Modreski (1989, STOP 3- (Ratté, Bove, and others, 1994, p. 109-110) 
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